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After elucidation of the atomic details of 20S proteasomes, current research focuses on the regulatory 19S
particle. In this issue of Structure, He et al. present the crystal structure of Rpn2 and use electronmicroscopy
to examine differences between Rpn2 and Rpn1.Peptide bond hydrolysis constitutes an
essential intracellular process, enabling
amino acid recycling as well as control
of signaling cascades. Cytosolic protein
degradation is predominantly mediated
by the proteasome, a multicatalytic
protease, consisting of 28 subunits that
are stacked in four seven-membered
rings. Whereas the a subunits form the
outer rings of the barrel-shaped 20S
core particle (CP), the inner rings are
exclusively built of b subunits which
exert proteolytic activity. Archaeal CPs
bear only one type of a and b subunits
and thus harbor seven identical active
b subunits. In contrast, eukaryotes incor-
porate seven distinct a and b subunits in
their CPs, but only three out of the seven
b subunits are capable of proteolysis.
Apart from the constitutive proteasome,
mammals express two specialized
versions of CPs, namely the immuno-
and the thymoproteasome, which differ
in their set of catalytically active b subunits
and thus in their biological function.
During the last 15 years, the atomic
structure of CPs from different species
has been analyzed by X-ray crystallog-
raphy and, only recently, this collection
has been completed by the crystal struc-ture of the mouse immunoproteasome
(Huber et al., 2012). Additionally, ATP-
independent regulators of this destructive
machinery, namely 11S complexes and
Blm10, have been structurally investi-
gated. Sitting on top of the CP, the 11S
particle, a heptamer of helical monomers
arranged around a central pore, induces
conformational changes in the N-termini
of the a subunits, which ultimately results
in the opening of the entry gate to the
proteolytic chamber and provides access
for substrates (Whitby et al., 2000). In
contrast to 11S particles, the atomic
structure of Blm10 is indicative of in-
hibitory rather than stimulatory effects
on proteasomal activity (Sadre-Bazzaz
et al., 2010).
Despite a number of electron micros-
copy studies on the most prominent
regulatory particle (e.g., da Fonseca
and Morris, 2008), the 19S complex,
composed of at least 18 different poly-
peptides, has not yet been characterized
at atomic resolution. As an ATP-depen-
dent complex, the 19S cap of CPs
plays a key role in the recognition of ubi-
quitylated substrates and in their unfold-
ing and translocation into the proteolytic
chamber. Recent advance in this fieldis provided by an impressive study in
which the 19S particle has been recon-
stituted in Escherichia coli in order to
map the individual non-ATPase subunits,
termed ‘‘Rpn,’’ and the ATPase subunits
(‘‘Rpt’’) by electron microscopy (Lander
et al., 2012). Owing to the complex
architecture of the 19S cap, a crystallo-
graphic approach is quite challenging
and, hence, current research focuses
on the elucidation of the X-ray structures
of single subunits. In this regard, this
issue of Structure reports the crystal
structure of one of the largest 19S
subunits, namely Rpn2, solved by He
et al. (2012).
Rpn2 adopts a cylindrical shape con-
sisting of two layers of a helices that
are wrapped around each other. At the
N- and C terminus Rpn2 forms an elon-
gated a-helical segment and a globular
domain, respectively, which come close
to each other in the tertiary structure.
The toroid-like fold of Rpn2 results from
a repetitive primary sequence of 35–40
amino acids called proteasome/cyclo-
some (PC) motif (Kajava, 2002). Remark-
ably, the 32 HEAT repeats of Blm10
adopt a similar superhelical dome-like
structure, indicating that PC and HEATª2012 Elsevier Ltd All rights reserved 387
Figure 1. Structural Comparison of Prominent Proteins with Solenoid Fold
The crystal structures of Rpn2 (green; Protein Data Bank [PDB] ID 4ADY), Blm10 (red; PDB ID 1VSY), and
importin-b (blue; PDB ID 1QGK) are shown. The size of the structures indicates their real proportions.
(Left) Top view on the solenoid structures of Rpn2 (104 kDa), Blm10 (246 kDa), and importin-b (97 kDa).
(Right) Side view on Rpn2, Blm10, and importin-b. The a helices of the toroid-like fold are oriented
horizontally.
Structure
Previewsmotifs evolved from a common precursor
(He et al., 2012). Solenoid protein struc-
tures play a key role in protein-protein
recognition and are characteristic of
karyopherins (importins), proteins res-
ponsible for protein import into the
nucleus (Figure 1). However, contrary to
proposals, the crystal structure of Rpn2
indicates a closed PC domain that has
no hole through which substrates can
be translocated into the CP (Rosenzweig
et al., 2008).
Previous studies identified Rpn13, a
receptor for polyubiquitin chains, as an
interaction partner of Rpn2 (Husnjak
et al., 2008; Schreiner et al., 2008). He388 Structure 20, March 7, 2012 ª2012 Elsevet al. (2012) managed to narrow down
the C-terminal region of Rpn2 required
for the interaction with Rpn13 to the resi-
dues 925–937.
The crystal structure of Rpn2 addition-
ally provides exciting insights into the
molecular architecture of its sibling,
Rpn1. From the primary sequence of the
latter, a toroid-like fold similar to Rpn2
can be assumed for Rpn1. Using electron
microscopy, He et al. (2012) compared
the overall shape of both 19S cap
subunits. Docking Rpn2 as a whole and
docking the individual N-, PC, and
C-terminal domains of Rpn2 into the
electron density of Rpn1 revealed that,ier Ltd All rights reserveddespite their high structural similarity,
Rpn2 and Rpn1 have distinct conforma-
tions of the N-terminal rod-shaped do-
main. However, this is presumably not
due to flexibility, as both Rpn1 and Rpn2
seem to be rather inert. The structural
rigidity is suggested to result from a
network of hydrophobic interactions
within the PC domain of Rpn2. Together,
these observations agree with the sug-
gested functions of Rpn1 and Rpn2 to
act as scaffolds for the 19S cap.
The present study by He et al. (2012)
provides new information on the tertiary
structure of Rpn2 as well as Rpn1 and
emphasizes their role as an assembly
platform for the 19S particle. The jelly
roll fold of Rpn2 points toward an evolu-
tionary conserved structural feature
common to proteasomal regulatory com-
plexes. Nonetheless, the reported struc-
tural features of both subunits do not
match all available data on the molecular
architecture of the 19S cap. Though
another jigsaw piece has been found,
the puzzle of the 19S cap is yet to be
completed.REFERENCES
da Fonseca, P.C., and Morris, E.P. (2008). J. Biol.
Chem. 283, 23305–23314.
He, J., Kulkarni, K., da Fonseca, P.C.A., Krutauz,
D., Glickman, M.H., Barford, D., and Morris, E.P.
(2012). Structure 20, this issue, 513–521.
Huber, E.M., Basler, M., Schwab, R., Heinemeyer,
W., Kirk, C.J., Groettrup, M., and Groll, M. (2012).
Cell 148, 727–738.
Husnjak, K., Elsasser, S., Zhang, N., Chen, X., Ran-
dles, L., Shi, Y., Hofmann, K., Walters, K.J., Finley,
D., and Dikic, I. (2008). Nature 453, 481–488.
Kajava, A.V. (2002). J. Biol. Chem. 277, 49791–
49798.
Lander, G.C., Estrin, E., Matyskiela, M.E., Bashore,
C., Nogales, E., and Martin, A. (2012). Nature 482,
186–191.
Rosenzweig, R., Osmulski, P.A., Gaczynska, M.,
and Glickman, M.H. (2008). Nat. Struct. Mol. Biol.
15, 573–580.
Sadre-Bazzaz, K., Whitby, F.G., Robinson, H., For-
mosa, T., and Hill, C.P. (2010). Mol. Cell 37,
728–735.
Schreiner, P., Chen, X., Husnjak, K., Randles, L.,
Zhang, N., Elsasser, S., Finley, D., Dikic, I., Walters,
K.J., and Groll, M. (2008). Nature 453, 548–552.
Whitby, F.G., Masters, E.I., Kramer, L., Knowlton,
J.R., Yao, Y., Wang, C.C., and Hill, C.P. (2000).
Nature 408, 115–120.
